Background: Multiplex abdominal aortic aneurysm families (MAAAFs) (Ն1 subject plus the proband) represent 1% to 34% of abdominal aortic aneurysm (AAA), but the percentage in France is unknown. Method: The MAAAF rate was retrospectively defined by analysis of 3 groups: 72 of 104 consecutive individuals undergoing AAA surgery during 1994, 24 of 53 women and 35 of 76 men with giant (Ն9 cm) AAA operated on during 1986 to 1994. MAAAF characteristics were determined based on 10 families issued from these 3 groups and 34 others identified nationwide. Data were obtained from a standardized questionnaire for probands and relatives, detailed pedigrees of each family, and computed tomography (CT) scans without contrast medium of the aorta and lower limb arteries for first-degree relatives Ն40-year-of age. Results: The MAAAF rate was 4.2% for the consecutive-surgery patients (proband M/F ratio, 17:1; mean age at surgery, 68.5 Ϯ 8.5 years). CT detected no additional AAA among them (screened individuals M/F ratio, 0.63; mean age, 54.0 Ϯ 11.2 years). MAAAF rates were 8.3% and 14.3% for the women's and giant-AAA groups with CT screening, respectively. Characteristics were investigated in 104 affected subjects from 44 MAAAFs: female relatives were more often affected than probands (P Ͻ 0.025). Compared with men, affected female relatives were significantly older at diagnosis and surgery (P Ͻ 0.05 and P Ͻ 0.02, respectively), as were affected women (P Ͻ 0.02 and P Ͻ 0.01, respectively). CT scan screening identified significantly more AAA and abdominal aortic dilatations among the 44 MAAAFs than the consecutive-surgery group (5 and 4, respectively; P Ͻ 0.001).
T he incidence and prevalence of abdominal aortic aneurysm (AAA), a common pathology in the elderly, are increasing. [1] [2] [3] [4] Although most AAAs remain asymptomatic, their diameter increase leads to spontaneous rupture, which is associated with a mortality rate ranging from 66% to 95%. [5] [6] [7] Several studies indicated the necessity of mass screening for AAA. 8 -10 Genetic factors predisposing for AAA are suspected because multiple familial cases have been identified and the known genetic etiology of several elastic tissue diseases causing aneurysms such as Marfan syndrome and Ehlers-Danlos syndrome has been identified. It is difficult to estimate the frequency of multiplex AAA families (MAAAF) because of the different methodologies used (questionnaire, physical examination, and ultrasonography), and reported rates [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] vary between 1% and 34% depending on the country. Because the MAAAF frequency is unknown in France, we decided, first, to estimate this rate for families having Ն1 subject with AAA plus the proband (or index case) by asking first-degree relatives (FDR) Ն40 years of age to undergo screening with computed tomography (CT) scans. Second, we describe the phenotypic characteristics of MAAAF to devise guidelines for AAA screening of such families.
PATIENTS AND METHODS

Patients and Families
To determine the MAAAF frequency in 1994, all patients who had undergone surgery for AAA in a Department of Vascular Surgery between 1986 January and 1994 December were identified. Patients were selected regardless of sex, AAA family history, and whether AAA surgical repair was elective or imperative. Three separate patient groups were established (consecutively admitted for surgical repair, women, and giant-AAA). After excluding some patients for diverse reasons, among 104 patients consecutively admitted for surgical repair of AAA between January and December 1994, 72 were included (consecutive-surgery group). Their mean age was similar to that of the 32 excluded probands, but their male/female (M/F) ratio was almost twice that of those excluded (17/1 versus 9.7/1, respectively). Other patients undergoing surgery for AAA between 1986 January and 1994 December were considered to have a higher risk of AAA rupture. Indeed, the risk of AAA rupture is 3 times higher for women than men, after correction for age, initial AAA size (as the risk of rupture increases with increasing diameter), body mass index, and height. 31 Among 53 female patients, 24 comprised the women's group. The excluded women were significantly older than those included (P Ͻ 0.001; Table 1 ). This difference might underestimate the MAAAF rate for this group because AAA frequency also increases with age. The last group included 35 of the 76 men operated on for giant (maximal diameter Ն9 cm) AAA. Patients were excluded from the consecutive-surgery, women's, and giant-AAA groups, respectively, for the following reasons: lost to follow-up (n ϭ 14, 24, 34, respectively), refusal to participate (n ϭ 3, 2, 2, respectively), foreigner (n ϭ 14, 3, 5, respectively), and one consecutive-surgery patient was an orphan.
Phenotypic characteristics of MAAAF were determined from clinical and paraclinical data obtained from 44
MAAAFs recruited according to a retrospective design. Ten families were issued from 3 groups defined above. The 34 other MAAAFs were recruited nationwide by AURC vascular surgeons, based on personal clinical history (eg, surgery for AAA, previous ultrasonography, and/or previous CT scan showing AAA) and familial histories (known FDR and/or second-degree affected relatives, dead or alive).
For ethical reasons, FDR of probands who had died of a ruptured AAA were not contacted. AAA patients known to have Marfan syndrome, Ehlers-Danlos syndrome, or Behçet's disease were not included. The Ethics Committee of our institution approved the study.
Clinical Data
Information about probands was gathered from patients' files: sex, current age, medical history, age at diagnosis and at surgical repair of AAA, AAA diameter at surgery, and whether surgery was elective or imperative. The probands or the proband's next of kin, if the proband had died since AAA surgery, were reached by phone by a trained research physician who informed them about the study, and requested written consent to contact FDR (parents, siblings, and offspring) Ն40 years of age. Each FDR was then contacted by phone by a trained research physician, and the same infor- 
CT Scan Screening
Each living FDR Ն40-year-old for the 3 groups and for the MAAAF recruited nationwide was asked to undergo screening with CT scan without injection of contrast medium. Clinical information was not used to select individuals for screening. Images were acquired using soft-tissue windows (window width, 200 -350 HU; level, 10 -50 HU), 5-to 10-mm collimation, and 10-to 20-mm interspacing from the top of the thoracic aortic arch to the common femoral arteries, and along the entire length of the popliteal arteries. Several different CT scanners were used. Axial images were interpreted from films by a single radiologist who was blinded to the clinical data. First, diameters of the aorta, common and external iliac, and popliteal arteries were measured. The abdominal aorta was measured at 3 levels, including near the ostia of the renal arteries, near the aortic bifurcation, and midway between these 2 sites. To avoid misdiagnosis of small aneurysms, images were visually inspected a second time to check the constant decrease of the aortic diameter from the ascending aorta to the aortic bifurcation. The criteria of Horejs et al 32 were used to define normal abdominal aortic diameters. AAA was traditionally defined as an infrarenal aortic diameter Ն3 cm or as an infrarenal/suprarenal aortic diameter ratio Ͼ1.5. Abdominal aortic dilatation was defined as the presence of nonparallel abdominal aorta walls.
Statistical Analysis
All data are expressed as mean Ϯ SEM. Student t test and Fisher exact test were used to compare quantitative and qualitative data, respectively. A 2-tailed P value Ͻ0.05 was considered to be significant.
RESULTS
Frequencies of MAAAF
The 72 consecutive-surgery probands had 456 FDR, among whom 194 had died ( Table 1 ). The M/F ratio of the deceased FDR was 1.2 and their mean age at death was 65.0 Ϯ 19.4 years. Based on medical histories and clinical data, 3 of these 72 (4.2%) patients were the probands of MAAAF. No additional AAA was detected by CT scan screening performed for approximately 45% of the living FDR Ն40-year-old whose characteristics are given in Table 1 . Only 36.4% of the 55 subjects Ն65 years were screened, with no scan for 1 father 73 years old, 4 mothers 72 to 91 years old, 8 brothers 65 to 85 years old, and 22 sisters 65 to 87 years old.
Data concerning the women's and giant-AAA group probands and their screened FDR are also given in Table 1 . The percentage of living FDR was lower for the giant-AAA group. Clinical data alone identified MAAAF for 4 (11.4%) of the AAA Ն9 cm group but none of the women. However, CT screening was able to detect an AAA in a 60-year-old son and abdominal aortic dilatation in a 67-year-old brother in the families of 2 women, and an AAA in a 58-year-old son of a man with a giant AAA, making this the fifth multiplex family of this group. About 45% of the women's group's FDR Ն40 or Ն65 years of age were screened, as opposed to respective frequencies of 36% and 13% for the giant-AAA group, giving overall MAAAF rates of 8.3% and 14.3% for the women's and giant-AAA groups, respectively. Thus, the frequencies for the 3 groups did not differ significantly.
MAAAF Characteristics
The features of MAAAF were derived from 44 MAAAFs (10 MAAAFs issued from the 3 groups studied and 34 MAAAFs recruited nationwide). We pooled these 2 populations because the families' characteristics and those of probands and affected relatives were similar (data not shown).
Among the 44 MAAAFs, 32 families had 2 affected members, 9 families had 3, 2 families had 4, and 1 family had 5. Twenty-seven (61.4%) families included 1 generation and 17 (38.6%) 2 generations. The relatives, all but 1 first degree, were: siblings for 27 (61.4%) families, parents/children for 11 (25%) families, or both for 6 (13.6%) families.
Characteristics of MAAAFs were investigated in 104 affected individuals (Table 2) : 44 probands and 60 affected relatives (55 FDR and 5 second-degree relatives). Nearly half of the affected relatives (18 men, 11 women) had died, and 25 men and 6 women were still alive. Death was caused by the AAA rupture for 15 (51.7%) of the 29 deceased relatives (12 men, 3 women). Fifty-one affected relatives were known to have AAA (medical history) and CT screening detected 5 AAA and 4 abdominal aortic dilatations (all 4 in FDR).
The M/F ratio for the 44 MAAAF probands was higher than that for affected relatives (10 versus 2.5, P Ͻ 0.025) or all affected individuals combined (10 versus 4, nonsignificant) ( Table 2) : women represented a significantly higher percentage of the affected relatives than the 44 MAAAF probands.
Although overall mean ages at diagnosis were comparable for the 3 groups, mean age at diagnosis was significantly higher for female than male affected relatives (P Ͻ 0.05) and for affected women than affected men (probands ϩ affected relatives, P Ͻ 0.02). Moreover, the mean age of individuals who died of AAA rupture was 67.1 Ϯ 13.6 years for men (n ϭ 12) and 85.0 Ϯ 7.2 years for women (n ϭ 3). Overall mean ages at surgery were comparable for probands, affected relatives, and both subgroups combined but were significantly higher for female than male affected relatives (P Ͻ 0.02) and for women than men among probands ϩ affected relatives (P Ͻ 0.01).
AAA diameters at surgery, available for 61.1% to 88.1% of the patients, were 6.4 Ϯ 2.4 cm for probands, 6.1 Ϯ 1.6 cm for affected relatives, and 6.3 Ϯ 2.1 cm for all affected individuals combined. Two male probands and 21 relatives did not undergo surgery. The M/F ratio for the latter was 1.1 (11 men, 10 women); their mean age was 75.7 Ϯ 10.3 years (71.6 Ϯ 4.5 years and 80.4 Ϯ 13.3 years for men and women, respectively). The mean age of nonoperated probands ϩ affected relatives was 74.5 Ϯ 10.6 years (70.3 Ϯ 5.9 years and 80.4 Ϯ 13.3 years for men and women, respectively).
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Complete data were available for 70% to 76.9% of these patients. Mean AAA diameters were 4.3 Ϯ 1.8 cm (4.4 Ϯ 2 and 3.8 Ϯ 1.5 cm for men and women, respectively) for nonoperated probands ϩ affected relatives and 4.4 Ϯ 2 cm (4.7 Ϯ 2.2 and 3.8 Ϯ 1.5 cm for men and women, respectively) for nonoperated affected relatives, with complete data for only 30% to 61.5% of these patients. Frequencies of cardiovascular risk factors, atherothrombotic lesions, Ն1 arterial aneurysm and/or dilatations were compared for consecutive-surgery probands and the 44 MAAAF probands (Table 3) . Smoking was significantly less frequent among the latter (76.2% versus 55.8%, P Ͻ 0.005). The rates of diabetes, hypertension, and dyslipidemia were comparable. Peripheral arterial disease was significantly less frequent among MAAAF probands (50.8% versus 23.3%, P Ͻ 0.01). While myocardial infarction, supra-aortic arterial stenosis, and ischemic or hemorrhagic stroke rates were comparable compared with the consecutive-surgery probands, the 44 MAAAF probands had significantly lower percentages of Ն1 other arterial aneurysm and/or dilatations (61.1% versus 40.9%, P Ͻ 0.05) and abnormal arteries (8.3% versus 4.1%, P Ͻ 0.001). The search for elastic tissue pathologies revealed no differences (items concerned cardiac valves, aorta and veins, pleura and lungs, osteoarticular system, skin, gastrointestinal system, and eyes).
FDR Ն40 years of age were asked if they would be willing to undergo a CT scan. Data concerning the 277 living FDR are reported in Table 1 
DISCUSSION
The primary objective of this study was to estimate for the first time the MAAAF rate in a French population. Based on clinical data, the MAAAF rate was 4.2% for the 72 consecutive-surgery patients. CT screening identified no additional AAA in this group. The MAAAF frequencies were higher, but not significantly different, for the women's (8.3%) and giant-AAA groups (14.3%) according to clinical signs and CT scan data. These low percentages are in agreement with reported rates of 1% to 34%. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] The designs of those studies (prospective or retrospective), the methods used to diagnose AAA (medical history, physical examination, ultrasonography), and the criteria used to characterize probands and their relatives (M/F ratio and mean age) differed. The different MAAAF rates do not seem to be explained by the type of study or the diagnostic method used. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] These rates varied from 2% to 34% when relatives were investigated by ultrasonography. [11] [12] [13] [15] [16] [17] [18] 25, 26, 28, 29 MAAAF frequencies were higher, ranging from 7% to 34%, when the proband M/F ratio was Ͻ10 15,17-19,22,24 -28 and varied from 4% to 12% when this ratio was Ͼ10.
12,13,21 The MAAAF percentage was also higher when the mean age of investigated relatives exceeded 65 years, as Salo et al clearly showed for investigated male relatives Ն50 years (7%), Ն60 years (18%), or Ն65 years (22%). 15 Those observations could explain our low MAAAF rates, especially for the consecutive-surgery group: probands were more often men (M/F ratio, 17:1), and their investigated relatives, more often women (M/F ratio, 0.63), had a mean age Ͻ65 years. Moreover, CT scans were obtained for only one third of the relatives Ն65 years of age. The disappointing rate of CT scan can be explained by the refusal of some individuals or failure to convince FDR to undergo the screening procedure, in part because scanners are not always readily accessible, especially for the elderly. Thus, the MAAAF frequency was probably underestimated for this group, as for the 2 others, for the same reasons. But additional reasons can be suggested for these latter groups: the mean age of excluded women was higher than that of included women, and CT scans were obtained for only 13% of the giant-AAA group's relatives Ն65 years of age. Compliance of these latter groups would probably be better if a more recent cohort of patients were to be investigated and screened by ultrasonography. Indeed, since the beginning of this study in 1994, ultrasonographic imaging has been markedly improved and can be used for screening in this setting. Furthermore, it is readily accessible and is nonirradiating.
Forty-four MAAAFs, 10 issued from the 3 groups analyzed herein and 34 recruited retrospectively nationwide, were characterized. Their individual pedigrees were not suggestive of an autosomal or recessive mode of transmission, and heterogeneity of inheritance could not be eliminated. Indeed, polygenic transmission seemed to us to be the most likely. The 3 striking results for the 44 MAAAFs were: CT scan screening identified additional AAA and, among affected relatives, the percentage of women increased, and they were affected later in life. A higher percentage of women in MAAAF was previously evoked in a prospective case-control study (86 MAAAFs, 460 controls). 23 The frequency of AAA among the relatives of female patients was also higher than those of male patients in a study on 60 white patients presenting for surgical repair of AAA. 27 However, others 30 found no difference between the rates of affected women in MAAAF (n ϭ 49) and nonfamilial subgroups (n ϭ 199). Screening was performed equally frequently for the 44 MAAAFs as for the consecutive-surgery group. Furthermore, the probands' M/F ratio, their mean ages at surgery, and the percentages of screened relatives Ն40 and Ն65 years of age were similar. CT scans detected significantly more AAAs and abdominal aortic dilatations in the 44 MAAAFs (n ϭ 9, P Ͻ 0.001) than in the consecutive-surgery group (n ϭ 0). Therefore, systematic search for AAA would appear to be adequate for the families with at least 2 affected members.
In the present study, mean ages at diagnosis for the probands, their affected relatives and these 2 groups combined were similar, but differed between men and women, being significantly higher for affected female relatives and the affected women among probands ϩ relatives than men from the same groups. The significantly higher age of women at diagnosis was evoked by Rossaak et al, 30 but no difference was established between MAAAF and nonfamilial subgroups: when the entire cohort was considered, men were significantly younger than women at diagnosis (P ϭ 0.01), but no significant difference was found between the familial and nonfamilial subgroups. In the prospective case-control study by Darling et al, 23 MAAAF men were 5 years younger (P Ͻ 0.001) than men who had no family history of AAA. In the cross-sectional study by Salo et al, 15 ultrasound screening detected abdominal aortic dilatations: mean ages of the 16 affected men and 14 women were 64 and 74 years, respectively.
Mean ages at surgery were similar for probands, affected relatives, and these 2 groups combined in our study but differed significantly between men and women: affected women and affected female relatives were older. The mean age of the nonoperated relatives provides another argument supporting that women seem to become affected about 10 years later than men. Equal numbers of male and female relatives did not have surgery, and these women were 10 years older than the men. Unfortunately, the AAA diameters for most of these subjects are not available, thereby preventing us from conducting a comparative analysis; but based on recorded values, AAA diameters seem to be equivalent for men and women. The observation that CT scans were not more often abnormal for asymptomatic women than asymptomatic men also argues for a later disease onset in women.
The suspected higher percentage of affected women in MAAAF may help select patients, and is an argument for recommending that women from MAAAF undergo screening. Although AAA much less commonly affects women in the general population, it is more lethal in women because its rupture occurs at a smaller diameter in women than in
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Multiplex Abdominal Aortic Aneurysm Families males. 31 Screening women from MAAAF, rather than the entire female general population, would improve the identification of affected individuals. Because women seem to be affected later than men, screening should be proposed in MAAAF women 70 to 75 years of age.
Smoking and peripheral arterial disease were less frequent in our MAAAF probands. Other authors reported no difference between multiplex and simplex families for tobacco abuse 14, 23 and peripheral arterial disease. 23 Coronary ischemic disease was significantly more frequent in multiplex families according to one study 14 but not ours, and other aneurysm(s) and/or dilatation(s) were less common in our 44 MAAAF probands. Similar numbers of patients with Ն1 other aneurysm were identified in a large case-control study.
23
CONCLUSION
The MAAAF rate seems to be low in a French population. For families already diagnosed with at least 2 affected subjects, noninvasive screening for AAA should be performed, especially for male FDR Ն65 years of age but also women, as they become affected 10 years later than men. However, screening women around the age of 75 years has implications for revascularization (more comorbidity) and number of years of life gained. Tobacco abuse and peripheral arterial disease seem less frequent in MAAAF, and Ն1 additional aneurysm also seems less common.
